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ABSTRACT Maxillomandibular advancement (MMA) is the most successful acceptable surgical treatment, ex- 
cluding tracheostomy, for obstructive sleep apnea syndrome (OSAS). Nevertheless, the indications for and staging of 
MMA, with respect to the many procedures available, are unsettled and often limited to severe OSAS, dentocraniofa- 
cial deformities, and when other surgeries have failed. An algorithm is presented that defines the indications for 
MMA in an expanded role, based on a site-specific approach, according to proposed principles that include general 
goals and guidelines for governing the surgical treatment of OSAS. 
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Maxillomandibular advancement (MMA), which 
“pulls forward” the anterior pharyngeal tissues (e.g., 
soft palate and tongue) attached to the maxilla, mandi- 
ble, and hyoid to: 1) structurally enlarge the entire velo- 
orohypopharynx! as well as to 2) physiologically en- 
hance the neuromuscular tone of the pharyngeal dilator 
musculature (e.g., tensor veli palatini and genioglos- 
sus)? via an extra-pharyngeal operation with minimal 
risks of post-operative edema-induced UA embarrass- 
ment or pharyngeal dysfunction, is the most effective, 
excluding tracheostomy, acceptable surgical treatment 
of OSAS with success rates of 96%,3 97%,4 98%,5 and 
100%.2 Nevertheless, the indications for, and staging of 
MMA remains unsettled (e.g., often limited to severe 
OSAS as a last resort when other surgeries have failed), 
partly because of existing diagnostic dilemmas, such as 
identifying and ranking—in terms of severity—the of- 
ten diffusely complex or multiple sites of obstruction; 
and knowing when and how to prioritize and combine 
surgical procedures in one or more stages, which may 
be influenced and perhaps biased by the surgeon’s edu- 
cation, training and experience. The purpose of this pa- 
per is to present an algorithm with an expanded role of 
MMA, in which the indications in a site-specific ap- 
proach are defined, within general surgical goals and 
guidelines, for the treatment of OSAS. 
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SURGICAL GOALS AND GUIDELINES 


The objectives or goals of any OSA surgery, as pre- 
sented in Table 1, include the following: 1) safe with 
minimal morbidity—‘“primum non nocere” (first do no 
harm); 2) minimal pain, disfigurement or dysfunction; 
3) therapeutic, both immediate and long-term; 4) cost- 
effective; and 5) comprehensive, addressing all con- 
tributing sites of obstruction with a minimal number of 
procedures, and ideally a single operation. 

Guidelines for OSA surgery are presented in Table 
2. Surgery may be considered when the following 
four prerequisites are satisfied: 1) there is clinically- 
significant OSAS (e.g., minimal criteria of an apnea- 
hypopnea index (AHI) >15 or apnea index (AI) >5, a 
lowest arterial oxyhemoglobin desaturation (LSAT) 
< 90%, and excessive daytime sleepiness); 2) conserva- 
tive therapies (e.g., nasal CPAP, weight loss, positional 
therapy, reduction of late evening sedative-hypnotic 
medications or alcoholic beverages, oral appliances or 
other devices) are nonapplicable, unsuccessful, or non- 
tolerable; 3) the patient is medically and psychologi- 
cally stable; and 4) willing to proceed with surgery fol- 
lowing the informed consent process. 


TABLE 1. Goals of OSA Surgery 





Safe with minimal morbidity (“first do no harm”) 

Minimal pain, disfigurement, and dysfunction 

Therapeutic—immediate and long-term 

Cost-effective 

Comprehensive—ideally addressing all sites of obstruction in one 
operation 
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TABLE 2. Guidelines for OSA Surgery 





1. Surgical prerequisites 
a. Clinically significant OSAS (AHI>15 or AI>5, LSAT<90%, 
and EDS). 
b. Conservative treatments (eg., CPAP) non-applicable/ 
unsuccessful/non-tolerable 
c. Medically/psychologically stable 
d. Willing to proceed with surgery (i.e., informed consent) 
2. For specific site(s)/segmental area(s) that are distinctly 
identifiable 
a. Treat with appropriate procedures that address these specific sites 
b. Ifa staged approach is recommended/desired, treat the most 
severe/critical site/area first 
3. For diffusely complex or multiple sites that are not readily 
distinguishable 
a. Skeletal advancement procedures first to enlarge/stabilize 
pharyngeal airway 
(1) Primary single-stage definitive treatment; or 
(2) Minimize risk of post-operative edema-induced airway 
embarrassment associated with subsequent pharyngeal 
surgery 
b. Pharyngeal soft tissue procedures second, if still necessary, for 
clinically-significant residual OSAS 





Surgery is also indicated for patients with an under- 
lying specific surgically-correctable abnormality that is 
causing the OSAS.° It can provide definitive treatment 
and thus eliminate compliance issues, but only if per- 
formed competently, both in terms of technical skill as 
well as on the “correct” site(s) of upper airway (UA) ob- 
struction. The selection of surgical procedures should 
not be market-driven, specialty- or stage-specific, but 
rather, “site-specific,”2 based on each individual pa- 
tient’s specific sites of UA obstruction. For specific 
site(s) or segmental area(s) that are distinctly identifi- 
able: 1) treat with appropriate procedure(s) that address 
these specific site(s) or area(s); and 2) treat the most se- 
vere or critical site or area first if a staged approach is 
recommended and desired. For those patients with dif- 
fusely complex or multiple sites or areas that are not 
readily distinguishable, skeletal advancement proce- 
dures may be performed (first) to structurally enlarge 
and physiologically stabilize the pharyngeal airway: 
1) as a primary definitive treatment; or 2) to minimize 
the risks of postoperative edema-induced airway embar- 
rassment associated with subsequent pharyngeal pro- 
cedures (if still necessary) for clinically-significant 
residual OSAS. 


CEPHALOMETRIC EVALUATION 


Clinical examination alone is inadequate to evalu- 
ate the UA (i.e., one must see beyond the window of 
the soft palatal curtain and the horizon of the tongue 
base). There are several reputable diagnostic imaging 
modalities (e.g., nasopharyngolaryngoscopy, intralumi- 


SLEEP AND BREATHING—VOL. 4, NO. 4, 2000 


nal pressure transducers, somnofluoroscopy, computed 
tomography scans, magnetic resonance imaging, cepha- 
lometry), each with advantages and disadvantages, the 
selection of which depends on numerous factors. Al- 
though limited to a static two-dimensional lateral view 
of the head and neck in awake erect patients, conven- 
tional cephalometry is comfortably noninvasive, safe 
with minimal radiation exposure, easy to perform in an 
outpatient setting, inexpensive, with results that are ob- 
jective, standardized, and reproduceable, and hence, 
imaging procedure has been utilized extensively in the 
OSA literature. 

If lateral cephalometry is to be employed for UA 
imaging in OSA patients, two modifications are recom- 
mended.” First, because pharyngeal volume fluctuates 
with phases of respiration, cephalometry (Fig. 1) should 
be standardized by obtaining films at both end-tidal vol- 
ume (ETV) and during a modified Mueller manuever 
(forced inspiration against a closed mouth and nose, to 
simulate the UA collapse associated with negative in- 
spiratory forces generated during OSA events). Second, 
because the most critical site of hypopharyngeal closure 
may vary, the cephalometric posterior airway space 
(PAS) should be measured at the most narrow level of 
hypopharyngeal collapse rather than a level determined 
by skeletal landmarks. 





SNA = 82 
SNB = 80 
PNS-P = 35 
\ MP-H = 15 
H GO-POG = 84 

on 
Aces PAS = 11 


FIG. 1. Lateral cephalometric analysis. Abbreviations: SNA 
(82 + 2 degrees), Sella - Nasion - A point of maxilla; SNB (80 + 2 
degrees), Sella-Nasion-B point of mandible; PNS-P (35 + 3 
mm), posterior nasal spine - soft palate tip; PAS (11 + 1 mm), 
posterior airway space; MP-H (15 + 2 mm), mandibular plane - 
Hyoid; GO-POG (84 + 5 mm), gonion-pogonion. Reprinted from 
Prinsell,2 with permission. 
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SURGICAL PRINCIPLES, 
TECHNIQUES AND MANAGEMENT 


Pre-operative (Present) 
------ Post-operative (Prediction) 
/////¢¢ Osteoplasty /Bone graft 






MMA (Figures 2 and 3) is a technically tedious and 
difficult operation that is best performed with hypotensive 
anesthesia (to minimize blood loss) by both a surgeon and 
an assistant surgeon in a hospital operating room. Bilateral 
saggital split ramus osteotomies (BSSRO) with rigid in- 
ternal and/or maxillomandibular fixation is performed for 
mandibular advancement. A modified anterior inferior 
mandibular osteotomy (AIMO) with bone graft and osteo- 
plasty? may also be performed concomitantly for addi- 
tional advancement of the genial tubercles with attached 
tongue-related and supra-hyoid musculature for additional 
advancement of the tongue base and an indirect hyoid sus- 
pension. The AIMO is a separate and distinct osteotomy 
performed via incisions not connected with the BSSRO. 
Nevertheless, BSSRO and AIMO together are additive in 
terms of doubling the anterior mandibular with genial tu- 
bercle advancement for oro-hypopharyngeal enlargement 
and, therefore, may obviate invasive surgery directly on 
the hyoid, tongue base, and other orohypopharyngeal tis- 
sues. A Lefort I osteotomy (LF) with bone graft and rigid 
internal fixation utilizing custom-bent bone plates for soft 
palatal traction is performed for maxillary advancement 
to: 1) maintain a functional occlusal relationship with the 
synchronously advanced mandibular dentition and, thus, 
preserve the functions of mastication and speech articula- 





- 
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FIG. 2. Lateral cephalometric prediction of maxillomandibular 
advancement (MMA). Reprinted from Prinsell?, with permission. 


tion; as well as to 2) anterosuperiorly tighten the attached 
soft palate with velopharyngeal enlargement, thereby per- 
haps eliminating surgery of the soft palate.? 


The soft palate is a tissue organ whose known pri- 
mary function is to prevent reflux of air and liquids into 
the nasopharynx during speech and swallowing, respec- 





FIG. 3. Maxillomandibular advancement (MMA). Abbreviations: LF, Lefort | osteotomy with bone graft and rigid internal fixation for 
advancement of the maxilla with anterosuperior repositioning of the soft palate; BSSRO, bilateral saggital split ramus osteotomies 
with rigid internal fixation for mandibular advancement; AIMO, anterior inferior mandibular osteotomy with bone graft and osteoplasty 
for additional advancement of the genial tubercles with attached muscles, tongue base, as well as an indirect hyoid suspension. 
Reprinted from Prinsell,2 with permission. 
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tively. Also, its role in snoring may be a self-protection 
warning sign or “bell” (to the bedpartner) of partial or 
impending UA obstruction which may progress to OSA. 
A dysmorphic or “abnormal-looking” soft palate may be 
an anatomic variant of normal that ensures compen- 
satory functioning and may not always be a “cause” of 
OSA. Retropalatal narrowing and collapse, often in- 
duced by swallowing (e.g., visualized during nasophar- 
yngolaryngoscopy), should be understood as normal 
velopharyngeal closure rather than perhaps misinter- 
preted as a site of “obstruction” dictating surgery.” Sur- 
gical ablation or distortion may produce: dysfunction 
such as velopharyngeal insufficiency (VPI),’-? nasophar- 
yngeal stenosis,’ voice changes,’ dysphagia,®.? and, in 
cases of “social” snoring amelioration, may produce 
“silent” apnea!°—either of immediate or delayed onset 
(i.e., with advancing age and/or weight gain); as well 
as pain, hemorrhage7-*!! and UA obstruction in the 
immediate postoperative period due to velopharyngeal 
edema, which—particularly if compounded with co- 
existing untreated hypopharyngeal narrowing—can re- 
sult in death.7-8-11 

MMA not only preserves the functional integrity of 
the pharyngeal tissues, but also minimizes the risk of 
worsened OSA in the immediate postoperative period 
because minimal edema occurs within the unoperated 
pharyngeal soft tissues. The edema resulting from the 
intraoral labial vestibular MMA incisions is anatomi- 
cally shielded from the UA by the underlying bony 
structures and, thus, is confined to the facial soft tissues. 
Although this extra-osseous edema may produce a 
frightfully swollen face, it does not extend to the UA, 
which is more patent at the moment of skeletal advance- 
ment (i.e., like the immediate UA opening produced by 
a CPR “jaw-thrust” maneuver). Hence, early endotra- 
cheal tube (ETT) extubation is encouraged (serving to 
minimize ETT-induced glottic edema), usually accom- 
plished in the operating room at the conclusion of the 
operation.” Centrally-acting opiate and opiod narcotics 
that can cause respiratory depression and, thus, are to be 
used judiciously, may not be necessary because rigidly 
fixated MMA bony segments, unlike operated pharyn- 
geal soft tissues, do not move and, thus, are not painful 
during swallowing, coughing and vocalization. Fur- 
thermore, trigeminal (sensory) nerve branches encased 
within bony canals, which innervate the intraoral 
and lower facial tissues, are usually surgically trauma- 
tized or stretched, resulting in numbness rather than 
severe pain. 

Following surgery, MMA patients require carefully 
monitoring, including continuous pulse oximetry, in an 
ICU environment. Minor desaturations are permissible 
without CPAP while weaning off supplemental oxygen 
onto ambient air, provided the lower limit established 
for each individual case is significantly higher than 
the preoperative diagnostic polysomnogaphic (PSG) 


SLEEP AND BREATHING—VOL. 4, NO. 4, 2000 


LSAT, in order to assess the postoperative OSA status to 
be expected in the patient’s home. Nutritional counsel- 
ing for clear liquids during the first week, followed by a 
strict nonchewing diet for two months, is recommended. 
Most patients may be discharged from the hospital on 
the first postoperative day and return to their normal ac- 
tivities in 2 weeks. Full overnight diagnostic PSG is rec- 
ommended when fully recovered from surgery, typically 
at two months.” 


SURGICAL STAGING AND 
ADJUNCTIVE PROCEDURES 


Although known to be highly successful, the indica- 
tions for MMA, particularly with respect to the numerous 
procedures available, is confusing and perhaps controver- 
sial. One approach is to perform certain procedures in a 
“stepwise’’®!2 manner according to a methodical protocol 
(e.g., uvulopalatopharyngoplasty!3 [UPPP] first; if that is 
unsuccessful, then a hyoid suspension; if that fails, then a 
mandibular advancement, and so on). However, this may 
result in unnecessary additional pharyngeal surgery that 
may be painful with life-threatening UA edema, dysfunc- 
tional, expensive, sub-therapeutic and, ultimately, a deter- 
rent for patients to seek definitive surgical treatment. Fur- 
thermore, if UPPP is unsuccessful as a stage I procedure, 
the resultant soft palatal scarring may: 1) limit the amount 
of maxillary and synchronous mandibular advancement, 
thereby limiting the amount of velo-orohypopharyngeal 
enlargement and, thus, compromise the therapeutic effi- 
cacy of MMA; and 2) increase the risk of VPI (i.e., nasal 
reflux) following maxillary advancement. 

A comprehensive review of the OSA surgery litera- 
ture!4 showed the overall success of UPPP was only 41% 
(137 of 337 patients from 37 independent case series). 
Riley et al> reported an overall success rate of 61% (145 
of 239 patients) and only 42% (44 of 104 patients) with 
severe OSAS for “phase I” surgery, which consisted of 
UPPP and/or genioglossus advancement with hyoid my- 
otomy suspension (GAHM). However, only 24 of the 94 
patients who had failed phase I surgery elected to pro- 
ceed with phase II of their protocol, even though MMA 
was known to be highly successful. 

Riley et al> reported the largest MMA series in 
which 89 of 91 OSAS patients were successfully 
treated, for a success rate of 98%. However, it is per- 
haps misleading that MMA was labeled a “phase II” 
procedure in that 67 of 91 did not participate in phase I 
of their two-phase protocol. Waite et al? reported im- 
provement in 22 of 23 patients, for a success rate of 
96%, in which MMA was performed as a primary pro- 
cedure, often in combination with adjunctive proce- 
dures. Hochban et alt reported 97% success rate in a 
series of 38 consecutive OSAS cases in which MMA 
was performed as a primary surgery without any ad- 
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junctive procedures. In his series of carefully selected 
cases, which included only healthy nonobese patients 
with specific cranioskeletal deformities and pharyngeal 
natrowing, a stepwise algorithm of staged procedures 
was “not justified.” 

Prinsell? reported a 100% success rate in 50 consecu- 
tive cases in which MMA, which incorporated the innova- 
tive AIMO and occasional concomitant nonpharyngeal 
adjunctive procedures (e.g., septoplasty, turbinate reduc- 
tion, sinus curettage, cervicofacial lipectomy) when in- 
dicated in a “site-specific” approach, was a safe com- 
prehensive single-stage operation in selected cases with 
disproportionate velo-orohypopharyngeal anatomy—in- 
cluding those with morbid obesity. For those with co- 
existing mild-to-moderate tonsillar hypertrophy and/or 
dysmorphic soft palates, MMA was performed first to 
enlarge and stabilize the velo-orohypopharynx to either: 
1) definitively treat the OSAS and, thus, eliminate addi- 
tional unwarranted surgery or: 2) to reduce the risk of 
postoperative edema-induced UA embarrassment follow- 
ing secondary pharyngeal procedures (e.g., tonsillec- 
tomy/adenoidectomy (T/A) and/or UPPP), if still neces- 
sary in the setting of clinically significant residual OSAS. 

The results of the data,? compiled over a 5-year pe- 
riod, showed significant improvement in all 50 consecu- 
tive cases. Independent PSG revealed a surgical thera- 
peutic efficacy equal to nasal CPAP for the parameters 
of AI, AHI, LSAT, number of desaturations < 90%, per- 
cent REM, percent stage 3+4 sleep, and percent sleep 
efficiency (Table 3). There was a lowering of body mass 
index and mean blood pressure from 138.9/89.9 to 
123.9/80.2. The mean hospital stay was only 1.6 nights. 
There were no episodes of postoperative hemorrhage or 
edema-induced UA embarrassment. Those who experi- 
enced residual neurosensory deficits—the most com- 
mon complication of MMA—reported significant reso- 
lution, which did not adversely affect their quality of 
life. All patients had relatively rapid convalescence with 
improvement of OSAS symptoms (e.g., daytime hyper- 
somnolence) and accepted changes in facial appearance, 
as predicted by preoperative computer imaging, as es- 
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thetically pleasing (see case illustrated in Figure 4). 
None of the patients with co-existing tonsillar hypertro- 
phy or dysmorphic soft palates required subsequent T/A 
or UPPP, as the primary MMA was therapeutic in treat- 
ing their OSAS. 


INDICATIONS FOR MMA 


The indications and contra-indications for MMA 
are listed in Table 4. In order to be considered for OSA 
surgery, including MMA, the four surgical prerequisites 
listed in Table 2 (item #1) should be satisfied. The pri- 
mary anatomic criterion for MMA is hypopharyngeal 
(i.e., retrolingual) narrowing (i.e., Fujita type 3 airway 
obstruction), which can be measured by the cephalo- 
metric ETV PAS < 9mm (Specific measurements as in- 
clusion criteria for MMA have not yet been published 
for other reputable imaging modalities). Although use- 
ful to quantitate the amount of skeletal advancement, 
conventional cephalometric anterior facial skeletal mea- 
surements (e.g., SNA, SNB) are not essential as inclu- 
sion criteria for MMA because pharyngeal narrowing 
and OSA may sometimes occur in the absence of den- 
tocraniofacial skeletal deformities such as retrog- 
nathism.? In the setting of hypopharyngeal narrowing, 
co-existant velopharyngeal (i.e., retropalatal) narrowing 
(i.e., Fujita type 2) as well as nonpharyngeal sites (e.g., 
septal deviation, turbinate hypertrophy, sinus polyps, 
mandibular lingual tori, cervicofacial lipomatosis) may 
also be treated with MMA. Patients with sites of ob- 
struction in the absence of hypopharyngeal narrowing, 
such as sole velopharyngeal narrowing (i.e., Fujita type 
1), should not receive MMA, but rather may be consid- 
ered for other procedures.2 

In terms of surgical staging for selected cases of 
diffusely complex or multiple sites of velo-orohypopha- 
ryngeal obstruction (including co-existing soft palatal 
dysmorphism and mild-moderate tonsillar hypertro- 
phy), MMA may be performed first to enlarge and sta- 
bilize the entire velo-orohypopharyngeal UA: 1) done to 


TABLE 3. Polysomnographic Results 








Preoperative n CPAP Postoperative p Value p Value 
[Mean (SD)] [Mean (SD)] [Mean (SD)] (PO vs. Pre-op) (PO vs. nCPAP) 
Al 34.5 (27.9) 2.0 (4.0) 1.0 (1.9) 0.001 0.078 
AHI 59.2 (28.4) 5.4 (6.8) 4.7 (5.9) 0.001 0.306 
LSAT (%) 72.7 (13.6) 88.6 (6.3) 88.6 (3.9) 0.001 0.450 
#Desats<90% 118.8 (160.7) 24 (4.7) 6.6 (12.2) 0.001 0.022 
% Stage 3+4 6.2 (13.6) 10.1 (14.1) 9.0 (13.6) 0.037 0.210 
% REM 99 (7.7) 23.1 (19.5) 16.5 (7.4) 0.001 0.036 
Sleep eff (%) 83.2 (11.9) 83.1 (16.7) 86.7 (9.9) 0.054 0.139 





Abbreviations: AI, apnea index; AHI, apnea hypopnea index; LSAT, lowest oxyhemoglobin saturation; #Desats, number of oxyhemoglobin desat- 
uration events; REM, rapid eye movement sleep; Sleep eff, sleep efficiency; Pre-op, preoperative; PO, postoperative; SD, standard deviation. 


Reprinted from Prinsell,2 with permission. 
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FIG. 4. Preoperative (A) versus postoperative (B) photographs of MMA case. 


either definitively treat the OSAS and, therefore, obvi- 
ate the need for invasive segmental pharyngeal proce- 
dures, which may be painful, dysfunctional, and sub- 
therapeutic; or 2) decrease the risk of postoperative 
edema-induced airway embarrassment following subse- 
quent pharyngeal surgery if still necessary in the setting 
of clinically-significant residual OSAS, perhaps with 
advancing age and/or weight gain.? 

Adjunctive nonpharyngeal procedures (e.g., septo- 
plasty, turbinate reduction, removal of sinus polyps and 
mandibular lingual tori, cervicofacial lipectomy) may 
also be performed concomitantly with MMA as a safe 
single-staged surgical treatment of OSAS.? In general, 
pharyngeal soft tissue surgery (e.g., T/A, UPPP, laser- 
assisted uvuloplasty,!° palatopharyngoglossoplasty,!5 
uvulopalatopharyngoglossoplasty,!© somnoplasty or 
radiofrequency volumetric tissue reduction of the 
tongue!’ and palate,!8 cautery-assisted palatal stiffening 
operation,!° uvulopalatal flap,2° laser midline glossec- 
tomy?! with epiglottidectomy,2? lingualplasty23) may 
not be necessary and should probably not be performed 
concomitantly with MMA unless immediate trache- 
ostomy, prolonged ETT intubation, or auto-titrating 
CPAP were to be employed for several days during the 
resolution of the postoperative pharyngeal edema, 
which—particularly if compounded with pre-existant 
hypopharyngeal narrowing—may be life-threatening.” 


CONCLUSIONS 


MMA satisfies the goals of OSA surgery (Table 1) 
and is the most successful, acceptable surgical treatment 
of OSA, with a therapeutic efficacy equal to nasal CPAP. 
As acomprehensive, safe, nondysfunctional, extra-phar- 
yngeal operation that structurally enlarges and physio- 
logically stabilizes the entire velo-orohypopharyngeal 
UA, MMA may eliminate the need for and, thus, circum- 
vent the staging dilemmas associated with multiple, less 
successful, segmental, and invasive pharyngeal proce- 
dures. In accordance with the proposed guidelines for 
OSA surgery (Table 2) in which a site-specific approach 
is advocated, MMA should not be limited to severe 
OSAS, dentocraniofacial skeletal deformities, or when 
other surgeries have failed, but rather, is also indicated as 
the initial surgical treatment of choice for (velo-oro)hy- 
popharyngeal narrowing—even in the setting of rela- 
tively mild OSAS and in the absence of retrognathism. 

MMA as a potential definitively successful primary 
single-staged surgical treatment of OSAS, particularly 
when performed in a relatively young OSAS popula- 
tion, may result in a significant reduction in OSAS- 
related health risks (e.g., hypertension, cardiovascular 
dysrhythmias, stroke, myocardial infarction, as well as 
EDS-induced injuries such as motor vehicular accidents 
and neuropsychiatric disorders such as depression and 
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TABLE 4. Maxillomandibular Advancement (MMA) 
Surgery for OSAS 





Indications 
1. Surgical prerequisites (see Figure 2, item 1) are satisfied 
2. Hypopharyngeal narrowing (i.e., Fujita type 3) (e.g., 
cephalometric posterior airway space (PAS) <9mm at end-tidal 
volume (ETV)) 
. Velo-orohypopharyngeal (VOH) narrowing (i.e., Fujita type 2) 
4. May combine with adjunctive nonpharyngeal procedures (whose 
postoperative edema does not affect the VOH airway) 
5. Even in absence of dentocraniofacial skeletal deformities (e.g., 
retrognathia) 
6. Diffusely complex or multiple sites of disproportionate upper 
airway anatomy that include (VO)H narrowing (e.g., ETV PAS 
< 9mm) as a: 
a. Primary single-stage definitive operation; or 
b. Stage I operation to enlarge and stabilize entire VOH to 
minimize risk of potential edema-induced airway 
embarrassment associated with subsequent pharyngeal surgery, 
if necessary, for clinically significant residual OSAS 


w 


Contra-indications 

1. Surgical prerequisites (see Figure 2, item 1) not satisfied 

2. Absence of hypopharyngeal narrowing (e.g., ETV PAS >9mm), 
such as sole velopharyngeal narrowing (i.e., Fujita type 1) 





cognitive dysfunction) that, when projected over a nor- 
mal lifetime, should represent considerable financial 
savings for the health care system.24-26 The one-time 
costs of early MMA are probably far less expensive than 
multiple, less successful operations (with multiple hos- 
pitalizations), or even a lifetime of nasal CPAP with its 
associated costs of repeat sleep studies (e.g., retitra- 
tions, updated equipment, technical support, compli- 
ance counseling?). 

Nevertheless, the indiscriminate use of MMA, which 
is technically difficult to perform and laden with potential 
morbidity, is not advocated. Although skeletal os- 
teotomies, when healed to a bony union, are stable with 
no significant relapse, and the relatively “long-term” re- 
sults of MMA are promising,?? the effect of expected 
continued “normal aging” of the “rejuvenated” pharyn- 
geal soft tissues on UA patency during sleep in terms of 
possible progressive worsening of residual OSA, with or 
without associated weight gain, is unknown. The validity 
and significance of these postulates, techniques, and re- 
sults warrant additional studies with larger numbers of 
cases and longer follow-up intervals. 
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